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THE GERMICIDAL ACTIVITY OF THE EUCALYPTUS 
(OILS, ERT. 


By К. Grere-Swrri, D.Sc., MacLeay BacrERIOLOGIST TO THE 
SOCIETY. 


(With one Text-figure). 


Eucalyptus oil is generally considered to have some disinfect- 
ing properties, but, as a disinfectant, it has gone out of fashion. 
The reason for its scanty recognition at the present time is 
probably to be found in the greater ease with which solutions 
or emulsions of the coal-tar produets and of other disinfectants 
can be made. Eucalyptus oi] does not dissolve or emulsify 
readily, and, on standing, gives a floating film, all of which 
militate against its use. Added to this, there is the uncertainty 
about its activity. Те finds a place in certain ointments, such as 
Unguentum Enealypti and the paraftin-preparation recently 
devised for spraying burns; but, in these, its action as a cuta- 
neous stimulant is probably more considered than its value as a 
hactericide. Again, in ailments of the respiratory system, Euca- 
lyptus oil is used in combination, as, for example, with menthol. 
The popular idea is that it acts as a disinfectant, but the medical 
opinion is that it acts as an indirect expectorant. 

The chemistry of the Eucalyptus oils has been extensively 
investigated by Baker and Smith, wlio possess a large number of 
oils of undoubted botanical origin, and, in view of the uncertainty 
of the disinfecting action of the oils, it seemed opportune to 
examine their activity while the material was available. The 
possibility of finding a trade oil of good quality, with a high 
disinfecting power, was worthy of some investigation; and, upon 
consulting Mr. H. G. Smith, he kindly offered to supply me with 
specimens from the material collected by Mr. Baker and himself. 

The Kucalyptus oil of the text-books upon Materia Medica is 
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referred to as the oil of ZAucalyptus globulus. This oil was 
originally sent to Enrope, and is still distilled in Tasmania; but 
there is reason to believe that many oils of mixed and doubtful 
origin were exported iu the past under the name of Е, g/obulus. 
At the present time, much of the oil can be trusted to be true to 
species-name. Æ. globulus is also found in the South-Eastern 
States of the Commonwealth, but the trees are usually too 
scattered to be profitably collected, while the yield is poor; and 
as other species give higher yields of good quality, these furnish 
the oils to the trade. ; 

Iu New South Wales, the chief sources of oil at present are 
E. polybractea (the “Blue Mallee” of the Wyalong district), Z. 
cinerea (the “Argyle Apple”), E. australiana (the “ Narrow-leaf 
Peppermint”), and Æ. dives (the “ Broad-leaf Peppermint"). The 
three first species yield cineol (eucalyptol) oils for pharmaceutical 
purposes The oil of E. dives has the terpene, phellandrene, as 
the chief constituent, and is mainly used for the flotation of 
minerals. 

The action of the oils when used in ointments was given first 
consideration, and, as these are generally used for skin-ailments 
caused by the white and yellow staphylocoeci, it was thought 
that much useful information would be gained by testing dilu- 
tions of the Eucalyptus oil in an inert oil, such as olive oil, 
against the yellow staphylococcus suspended in serum. An 
exposure of two hours was deemed suficient, 

The test-organism was grown on nutrient agar overnight at 
37°, and, in the morning, a loop was smeared over the surface of 
an agar-slope, which was incubated at 37° for three hours, during 
which the dilutions were prepared. Blood-serum was obtained 
in the manner used in opsonic work, and a loop of the agar- 
growth was thoroughly mixed with some of the serum. In pre- 
liminary experiments, the infected serum was smeared within 
the lower ends of glass-tubes, but, as it subsequently fell away 
in flakes, the method was altered, and a loop of the serum was 
absorbed in strands of cotton attached to wire-loops. These 
loops were made by bending a seven-inch length of wire, B. W.G. 
No.2], round a thick wire, and thickly coating the loop and the 
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two inches of wire further up with tin by means of a soldering 
iron. This extra tinning was found to be necessary to prevent 
the wire rasting and vitiating the tests. A strand of thick 
darning cotton (Chadwick, No.10) was looped on the eye of the 
wire with a wire hook, and the loose ends were cut, leaving two 
strands about a centimetre in length. The wires were sterilised, 
the cotton was tonched with a loop of infected serum and put 
into the diluted oi]. The wire-loops could be used over and over 
again, but the cotton had to be renewed after every test. 

The infected cotton remained in the dilnted disinfectant for 
two hours at 20°, when the wire was withdrawn, and the exeess 
of oil was removed from the cotton by twirling the wire against 
the inner sides of the tube. The cotton and wire were then 
dropped into a tube containing three c.c. of meat-extract broth,* 
after passing the stem of the wire through a flame, The tubes 
of broth were incubated at 37°, and were observed daily for four 
days. 

The Eucalyptus oils do not appear to have previously been 
tested hy means of their dilutions in a neutral oil, Some years 
ago, Cuthbert Hall examined the activities of the undiluted oils. 
His paper was presented as a thesis for the doctorate of Sydney 
University, and was subsequently issued as a private publica- 
поп. From the booklet, J have in the following paragraphs 
abstracted the main items which bear upon this investigation. 

"hne action of the oils upon the staphylococcus and the eolon 
bacillus was investigated, and it was found that the constituents 
of the oils possessed individual activities. Aromadendral was 
most active, as it destroyed the staphylococcus in 15 minutes. 
The other constituents took much longer—phellandrene 23 hours, 
piperitone and dextro-pinene each 4 hours, levo-pinene 53 hours, 





* This was war-time broth; it had no peptone. А litre of tap-water 
contained 20 grams of. Lemco meat-extract and 5 grams of common salt; 
the reaction was made decidedly but not strongly pink to phenolphthalein. 
It gave very satisfactory growths. 

+ On Eucalyptus Oils especially in relation to their Bactericidal Power. 

зу Cuthbert Hall, M.B., Ch. M. [Little and Co., The Argus Printing 
Works, Parramatta, 1904], 


BY R. GREIG-SMITH. 75 


aromadendrene 6 hours, and cineol (euealyptol) 2 days.* It took 
less time to destroy Bac. coli communis, but the lethal times ran 
in much the same order. 

The crude oils were found to be very variable in their activity, 
and this was considered to be cansed by a greater or less pro- 
portion of free acid because the amore toxie oils were markedly 
acid, and the less toxic were neutral or very faintly acid. From 
this generalisation, and bearing in mind that acid media are 
unfavourable to bacteria, the conclusion was eome to that the 
activity of the acid oils was due entirely to the acid. A definite 
test, however, showed that when the crude oil of A. Smithii was 
neutralised with soda solution, the lethal time was lengthened 
from thirty minutes to three and a half hours. 

The refined oils were found to be much less active than the 
erude oils. In their case, the variability in bactericidal power 
was traced to the ozone dissolved in them. The oil of A. Smithii, 
for example, took six and a half hours to destroy the staphylo- 
coccus, but when a small amount of ozone was present, it took 
less than two hours. Cineol took two days, but, when it con- 
tained ozone, the time was reduced to three hours. Thus the 
variation in the refined oils was traced to the ozone, and, in the 
crude oils, to the acidity, from whieh we must infer that the 
refined oils were neutral or faintly acid, and that the erude oils 
did not contain ozone. Both the acid and the ozone were eon- 
sidered to be strongly baetericidal, in fact, when speaking of 
aromadendral, it was said that “as compared with the other con- 
stituents of the oils, it is a strong bactericide, being only ex- 
ceeded by acetic acid and ozone." 

Some forty or fifty specimens of crude and refined oils were 
obtained from Mr. H. G. Smith, and dilutions in olive oil were 
tested upon serum-suspensions of the yellow staphylococens, 
Micrococcus aureus, absorbed in cotton. The results are sum- 
marised in Table i. 

* Aromadendral is a levo-votatory, high-boiling, aromatic aldehyde, 
and is the characteristic constituent of most of the “Mallee” oils and 
those belonging to the '* Box " group of Euealypts. Piperitoneis a ketone, 





and is the characteristic constituent of the oils of the large group of 
Eucalypts known as *' Peppermints,” 
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TABLE i, 


М. ангеих, suspended in serum and absorbed on eotton. 





Group iiia. 
HE. cinerea, rect. 


5s on со оп 
63 m a5 о (00—100— 100 
эз » crude .A 80—30— 50 
3 э ` ..,, 000—000 
E. Мт, vect. ‚2. 00—90 
5 an 25 . 50 
2 amde 000—000 


ep 


isp. Ribbon Gum," crude, 10 yrs. old. 30—30—30 


T » ED 
Group 111/2. 

E. polybractea, тесі. 

^d „ ernde 

» E T 

m 


gå en 
E. cneorifolia, crude 


Group ilie. 


E. australiana, reet., Ist hour 
2 wl 
› 29 DD 
5 x crude, Ist hour 
or) T PES 3 
an n T 2nd hour 
os o9 га 3rd hour 
is ed steam residue 
- B commercial residue 


E. Consideuetia, rect. 
T 8n 
$5 сч 

Group tv. 

E. albens, crude 

Group via. 

E. отут, crude xm 

12. linearis, rect., thickened... 

E, australiana (Braidwood), crude 

3% ” LET 


» ” DD 


.., 000—000 






;.| 30—30 i 
...| 100—100 
| 70—70 


... 20—20 —20— 10 
...| 100—890 
...| 100 
...| 60—60—50 
...| 100—100 
...| 30—30—10 
| 90—30—30 
...| 40—40 
‚| 70—60—60 


boiling above 190° ...| 000 


шул 
...| 60 
| 000—000 

4 100—90 


) Percentage dilution, 
hactericidal in 2 honrs 


at 20°. 


As determined. 


‚ 20—20 





. 100—100— 100 


.| 000—000 
50—40 | 


60—50 —50 
‚| 40—40 


4100—1100 


‚| 000—000 








20 
20 
100 
50 
000 
50 
50 
000 
30 
100 


000 
000 
45 
30 
100 
70 


20 
100 
100 

60 
100 

30 

30 

40 

60 

50 

40 
000 


100 


000 
10 
60 

000 
95 





“(10° means that the oil was inactive. 
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TABLE 1. (солған). 











Percentage dilution, 

bactericidal in 2 hours Acidity 

at 20°. of oil in 

€ = пае 

As determined. | Probable; 
Group vi^. 
E. dives, crude as 556 1170—70 —060 —60 65 I 
ys т e 550 oan zo] 7 65 12. 
M ^ un A. ‚..| 20—50 50 52 
E. radiata, rect., st hour... ‚ө — S0 — 60 хо — 
Sy a ende ... ans a| 80—80 — TU sU I 
Miscellaneous, 

KE. uora-auglica — M. 100 j 100 | 3 
E. vitriodora tic АЕ 60—060 60 ; 140 
Меаіенеа Maidenit, crude. ... ‚..| 40-30 70 49 
Prostanthera cineolifera m | 30 R10 40 63 
Cineol (H. С. Smith) Se ‚| 000—000 e 000 = 
Cineol (G. I. Hudson) T. ...| 000—000 000 2 
Ol. Eucalypti, P.B. (purchased) | 000—000 00 12 
Essential Eucalyptus Oil (purehased)...| 100—290 95 34 
Piperitone an зас ...| 60—50 55 = 
Geranyl Acetate (E, Macarthuri} o 35 == 
Phenol, crystals at 28° with 0°33% water] 6 6 — 
Phenol, liquid at 22°, coloured созү 6 = 
OL Olivie ... ae m .. [000 000 25 





0007 means that the oil was inactive, 


The Eucalyptus oils have been elassified by Baker and Smith* 
according to tlie relative amounts of cineol (eucalyptol), pinene, 
phellandrene, piperitone, or aromadendral which are containcd 
in the erude oils. The groups or subgroups, containing the oils 
that were examined, are as follows:— 

Group ilia.—Tthe oils consist principally of eineol, which is 
over 40%, and of pinene. Phiellandrene is absent. Æ. ylobulus 
belongs to this subgroup. 

Group iiió,—Similar to the last, but aromadendral replaces 
some of the pinene. 

Group iiic. — Similar to iiie., but phellandreue replaces some of 
the pinene. 








* The Eucalypts and their Essential Oils. By R. T. Baker and Н. G. 
Smith, 
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Group iv.— The oils never contain more than 30% of cineol, 
the other constituents being pinene and aromadendral. 

Group vic.— The oils never contain more than 30, of cineol. 
The chief constituent is phellandrene, aud there is some piperi- 
tone. 

Group vid.—Cineol is almost absent. The chief constituents 
are phellandvene and piperitonc. 

Some of the oils were, at first, tested several times to determine 
the accuracy of the method, and it was found to be quite trust- 
worthy when the dilutions were made in steps of 10, i.e., falling 
by 10,5. progressively from the undiluted oil through 90%, 
80%, and so on to a 10% dilution. 

Several samples of the same kind of oil gave thesame toxicity- 
numbers, and it was afterwards learned that they had been taken 
from one original specimen. The rectified oil of Æ. cinerea is a 
case in point; the identity of the toxieity and the acidity-numbers 
brings this out clearly. 

The oils of E. australianu were extensively tested, because it 
was one of the first to be examined, and the high toxicity of the 
first sample compared with the other oils and with the crude oil 
led to the belief that the disinfecting power might be due to a 
constituent which accompanied the cineol during rectification, 
and which might prove to be more efficient than phenol. A 
second specimen of the rectified vil dispelled the idea. Æ. aus- 
traliana was once known as E. amygdalina, but, owing to the 
difference from the ‘Tasmanian tree bearing this name, it was 
renamed by Baker and Smith. The quality of the oil differs 
according to the location of the tree. When growing on the 
ridges of the Dividing Range at a high altitude, the quality of 
the oil is poor compared with that obtained from trees growing 
at a lower elevation.* 

The eineol had been obtained by freezing the rectified oil 


* In the latter case, the phellandrene (whieh is in fair amount in the oil 
from the species growing at the higher altitudes, such as the Braidwood 
district), has praetically disappeared, and the cineol has correspondingly 
increased. The alteration in the percentage amount of the constitnents 
is only shown between the cineol and the phellandrene. 
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obtained from Æ. polybracteu ov E. sideroxylon; one sample came 
from Mr. Н, G. Smith, and the other from Mr. G. I. Hudson. 

The Ol. Eucalypti, P.B., was purchased from a chemist, who 
put it up in ounce bottles at 1s., with a label which, after 
enumerating the various ailments for which the oil is recom- 
mended, continued with “The extract is a thorough deodorant 
and disinfectant. A few drops on aeloth in a siek-room renders 
the air refreshing. In fever-rooms the floor should be sprinkled 
etn vc 

The Essential Eucalyptus Oil was purchased from the same 
druggist. Tt was sold in four ounce bottles at 25. Тһе oil was 
of a pale straw-colour and was apparently a crude oil. The label, 
inter alia, atlirmed. “The oil is a thorough deodorant, disinfeet- 
ant, and an antiseptie of great value." 

The inost striking point brought out by the investigation 1s 
the irregularity in the aetion of the oils from the same tree. 
Two specimens of 2. australiana, rect., for example, gave widely 
different bactericidal activities: one was almost inactive, while 
the other was among the most active of the oils. Æ. polybractea, 
crude, was almost a similar case. Since there is so much differ- 
ence between specimens of the same oils, it is not surprising to 
find that there is no regularity among the groups. One cannot 
group the oils by their bactericidal activities. Tf aromadendral* 
is the most toxic of the components of the oils, those members 
of the groups which have it as a typical component should be 
the most toxic, but such is not the case. The aromadendral oils 
of groups iib and iv аге no more bactericidal than the oils of 
the other groups; indced the oil of Æ. albens, the only member 
of group iv. tested, is a very poor disinfectant. 

Cineo} was inactive when tested in oil, and if an ointment 
were made with Ol. Eucalypti P.B., which would be used by any 
druggist dispensing it, the preparation would have no disinfecting 
action towards the ordinary pus organism. 


* T did not have enough aromadendral to test by the method adopted in 
this research, but as 1 shall show in a following paper, it is a strong dis- 


infectant in aqueous suspension, 


80 GERMICIDAL ACTIVITY OF EUCALYPTUS OILS, i, 

The oils as a whole were weak compared with phenol, although 
the thickened oil of Æ. linearis was very nearly as good. 

While a 10% solution of phenol in oil is used as a disinfectant, 
the statement oceursin Hale White’s Materia Medica that “The 
solution in oil has по antiseptic properties." The staphylococeus 
was destroved in two hours in a 6% solution in oil. 

The irregularity of the disinfecting action of the oils leads to 
the belief that any power which they possess is not occasioned 
by any of the chief constituents. The oils which have most 
cineol or most phellandrene or most pinene or most aromadendral 
are no better than others with less. We must therefore look to 
the minor constituents which may be occasionally absent. The 
oils which were most active were pronouncedly acid to litmus 
paper, as Cuthbert Hall also found, and this led to tho deter- 
mination of the acidity of such samples as had not been com- 
pletely used up. 

The method consisted in taking 20 c.c. of methylated spirit, 
adding a few drops of phenolphthalein and running in N/100 
sodium hydrate until a faint pink colour was produced. One с.с, 
of Eucalyptus oil was added, and the solution titrated with 
N/100 sodium hydrate. The numbers in the Table represent c.c. 
of normal acid per litre of oil, ùe., the degrees of acidity. 

The acidity of the oils of each group is as variable as the 
toxicity, and while the most acid of the oils are also the most 
toxic, no definite relation between the acidity and the bactericidal 
power could be detected until the acidities were plotted against 
the toxicities, and, but for the comparatively large number of 
oils examined, a relationship would not even theu have been 
capable of demonstration, "The curve is of the nature of a broad 
band within which most of the oils fall. Some are exceptional, 
such as the oil of Æ. citriodora, which is itself an exceptional oil. 
The case of X. australiana, crude, 2nd hour, cannot at present 
be explained. 

It was shown by Cuthbert Hall, that the undiluted oils were 
umore active towards the colon bacillus, 2. coli communis, than 
towards the staphylococcus, M. aureus, Tests were made to 
show that this would also hold for dilutions in oil. Several of 
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the oils with varying activities towards the staphylococcus were 
tested with the colon bacillus, and the results are summarised in 
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steps of five, i.e, 07, 107 


о? fo? 


15%, and so on up to 50%, then they 
rose by 10 to 1007. The numbers obtained with the staphylo- 
coccus are given for purposes of comparison. 


Tanne ii. 


Bacteria suspended in serum and absorbed on cotton. 


| Bactericidal dihutions in oil, 
2 hours at 20°, 





i | B. coli communis. М. aureus. 
Lethal Probable | Ax pre- 
dilution lethal | viously de- 
| in tests. dilution, | termined. 


Acidity in degrees. 


160 | E. linearis, rect., thickened ТОО 10 10 
Өл ; J£. cinerea, rect. . 10, 10 1 10 
29 | E. Consideniana, тесі, ... ss DOR 10 RI 
116 | Z. australiana, crude, 3rd hour...) 10, 10 10 30 


150 | E. australiana, crude, 2ud hour... 10, 15 12 30 
32 | E. dires, crude г 320) 17 50 
126 | Ribbon Gum ... 20) 20 30 


7 | E. australiana (Braidwood) ron) PAM eon 25 оз 
37 | E. Smithii, rect. m SN 25 25 . o0 
5 E. australiana, veet. ... Seg Ж, ED, 10) 25 100 
63 Prostanthera cineolifera, crude 30 30 40 








81 | E. einereu, crude dm sont ail, GD 32 ot 
4l EL eneorifolia, crude — ... seb oll, SH) 32 70 
34 Essential Oil ... or eu M 35 | 95 
4 (UE. polybracten, crude... ou] 40, 40 Iu | inactive 
IS | Ø. cinerea, rect. 7 а 45 | 100 
12 | E. cinerea, crude nen EHE 20 | inactive 
2 | Cineol TM Me esu] 00 60 Inactive 
10 | E. polybractea, үсс\. _... 2) 0 60 inactive 


ЗА | E. nora-anglien, crude | Inactive inactive | inactive 
— | Phenol xa AE eui 1 в 





The oils which were bactericidal towards 4, colt communis in 
the more dilute solutions, were also generally most active towards 
the staphylococens, and, as with the staphylococcus, the activities 
went roughly with the acidity. But there were exceptions, so 
that when the acidities were plotted against the activities, as 
represented by the bactericidal dilutions, instead of obtaining a 
band, as in the staphylococcus, tlie numbers fell into a wedge- 


shaped area. 
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When it had been shown that the acidity of the Kucalyptus 
oils was a measure of their bactericidal power, the question 
arose, as to whether the acids were entirely responsible for the 
toxicity, or whether the acidity was only the index of some 
strongly bactericidal constituent. The simplest method of test- 
ing the matter seemed to be to neutralise the acid, and then 
compare the toxicity of the neutral oil with the original. 

Some of the oils containing an appreciable amount of acid 
were treated with lime and filtered. They slowly beeame less 
acid, and the neutralisation was accelerated by the addition of 
а drop of water (0:03 c.e. to 10 c.c. of vil). The treated oils were 
either neutral or very faintly acid. Four oils were tested against 
the staphylococcus. 


TA. iii. —.M. eurens, 





Dilutions in oil, 


| 
| 
| bactevicidal at 20°. 


Original 





acidity, ү. —— MR 
Neutralised 
Untreated with lime, 
| a хы 
95° | E. eineren, rect. m. + 20 Ten 
SS E. cinerea, crude... 21 60 100 
ay E. dives, evude 7 41 a0 65 
га Ribbon Gum, crude, 10 yis; old 30 SO 


Tt is clear that the neutralisation of the oils resulted in a 
diminution of the bactericidal activity, but it is also clear that 
the acid or the acidity is not the only thing which contributes 
towards the disinfeeting properties. Were it otherwise, the 
lime-treated oils would have been inert towards the staphylo- 
coccus. 

The crude oils of X. cinerea and of E. dives were treated with 
dry sodium carbonate until the acidity was, in each case, reduced 
to T°. They had the same disinfecting power as the lime-treated 
oils. 

If the alkali does nothing but remove the acid from the oils, 
it is reasonable to suppose that the addition of acid will render 
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them more toxic. A preliminary experiment with acetic, pros 
pionic, isobutyric, and valerie acids, gave a certain amount of 
promise that the addition of acetic acid would increase the bac- 
tericidal properties of the oils, and a further test was made. In 
this, acetic acid* did, in some cases, increase the toxicity, but the 
higher acids were without effect upon the rectified oil of X. 
polybractea. The results are shown in the following Table. 


Taper iv.— Jf, aureus, 























E (0 Bactericidal percentage dilution, 
degreces. 2 hours at 20°. 
Oil and date of acidi- 

P fication. = 

alèz z | 

= aD = 

оя 16/7 20/7 207 5/8 12/8 22/8] 4,9 
5145 ENT 

2]128| ЛГ ... .. 000 000 90 

34 | 120 | Essential oil 11/7 jes WEY OE лор — 30 TONES TO, 
53 | 150) E. dires, crude 26/7... 50: — 30 30 | 

t2 [ТЕО FE. cinerea, evude 000. —  — OO 000 — | 100 , 000 
10 | 112] E. polybracter, rect. 20/7 000. — — 90| 70 60| 60| 50 
10 | 95) K. polybrectec, rect. 12/8 000. —; — 5 бс 000 YOO | 000 
598 BOO | van оа = = — 407 40) 40 


000 = inactive. 


An increase in the bactericidal power, as indicated by the 
reduction in the lethal percentage of oil, was obtained with the 
crude Essential Oil purchased from the druggist, with Æ. dives, 
crude, aud in one test with Æ. polybractea, rect. Æ. cinerea, 





“This is the most pronounced acid in the Ejucalyptus oils. Lt is derived 
largely from the acetic acid esters they contain, and also from the oxida- 
tion of the corresponding aldehyde. Practically all Eucalyptus oils con- 
tain low boiling aldehydes which are more pronounced in the oils of some 
species than in others — Butaldehyde and valeraldehyde are quite com- 
mon, and in many oils of one elass, the ester, butylbutyrate, is a common 
constituent. The oxidation of the aldehydes to acids and the alteration 
of the esters are responsible for the presence of the acids in the oils, and, 
naturally, the older the oils the more acid they become. 
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erude, was unaltered, and the same was the case with the second 
test of Æ. polybractea, rect. The higher acidification of E. dives, 
crude, gave an enhanced effect, and it seemed as if the slightly 
higher acidity of the altered Æ. polybractea might have been 
responsible for the inereased activity of the oil. With the 
phellandrene oil of Æ. dives, the increase of the toxicity took 
place at once, while it was slowly developed in the Essential Oil 
and in X. polybractea. The irregular behaviour of the oils led to 
a further test, in which progressive amounts of acid were added. 


TABLE v. MW aires, 

















Acidity Bactericidal percentage dilution, 
in degrees. ? honrs at 20 . 
Oil acidified on 9/9. 
| 
Ori- | As pre- Ori- | 9/9 | 24/0 | 1/19 | 14/10 
ginal, | pared. ginal. | 
2 104 Cineol "E 000 | 000 ооо | — | 000 
2 151 is T 000 oO: 000 | — 000 
10 97 E. polybractea, rect. | 000. | 000 100. | 000 | 000 
10 | 119 a 75 38 ош | 100 — 100 — 000 | 000 
10 136 a 2 5s 000. | 000 бю — 6000 | 000 
5997 FE. cinerea, crude | 000 70 60 ' 50 50 
ee) Tks oq T 00 000 60 50 30 50 
12 133 15 E^ n өө HO 40 50 40 
t 








000 = inactive. 


In this experiment, cineol and Æ. polybractea, rect., were not 
affected by the addition of considerable amounts of acetic acid, 
E. cinevea, crude, did have its germicidal activity increased, but 
not definitely in proportion to the acid added. 

The two experiments are at variance, and there is apparently 
some unknown condition, which regulates the action of tbe acid 
in producing bactericidal substances in the oils. 

The acid itself must have a certain germicidal action, and 
several tests were made to see how much was necessary to pro- 
hibit growth under the conditions of the previous experiments. 
A quantity of olive oil was acidified with glacial acetie acid, and 
dilutions of this were made with the neutral oil. 
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Тав vi. — Acetie acid dissolved in Olive Oil. 


Acidity in degrees. 


Growth. No growth. 
11/9 139 186 
24/9 163 172 
14/10 154 168 
4/11 154 168 


The amount of acid which checks growth under the conditions 
of the experiments appears to be about 165°. Although this 
was never reached in the acidified oils, one cannot but believe, 
that a high acidity will have a certain influence in assisting the 
germicidal power of the Eucalyptus oils 

There is some foundation for this belief, because the simple 
neutralisation of the oils by lime or by sodium carbonate removes 
only a certain amount of the toxicity. The residual germicidal 
activity must be assumed to belong to the neutral oil. 

E. dives, crude, with an acidity of 81°, was toxic in two hours, 
when in 60% dilution. Upon neutralising the acidity, the same 
effect was obtained with the undiluted oil, that is to say, the 
germicidal power was reduced by the neutralisation. In another 
sample of the oil from the same species, the oil with an acidity 
of 12° was inactive, and when the acidity was raised to 93°, the 
oil became toxic when in 50% dilution. Thus an amount of 
acid, insufficient by itself to destroy the test-organism, caused 
an inactive oil to become bactericidal under the conditions of 
the experiment, 


Tus Lopipe REACTION. 


It has been noted that the Eucalyptus oils contain a certain 
amount of ozone, that is to say, they show, when tested with 
potassium iodide and starch, the blue reaction. The potassium 
iodide is oxidised, with the liberation of free iodine which com- 
bines with the starch, forming the well-known blue iodide of 
starch, The reaction is characteristic of an oxidising agent and 
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many substances, such as peroxide of hydrogen or chromic acid, 
would produce the blue eolour. The test shows that the oils 
eontain an oxidising constituent and whether it is ozone, peroxide 
of hydrogen, or another oxidising substance, is open to proof. 
If it were peroxide of hydrogen, it should give off oxygen in 
contaet with binoxide of manganese, but no gas is evolved when 
manganese dioxide, previously digested with Eucalyptus oil to 
eliminate oeeluded air, is added to a fresh specimen of a strongly 
reacting oil. This test was nade under the mieroseope, and also 
in a bent tube with a closed capillary end. Mr. H. G. Smith 
pointed out that this does not negative the presence of peroxide 
of hydrogen, as the nascent oxygen would remain dissolved and 
immediately oxidise the constituents of the oil. lt, however, 
appears reasonable to suppose that if the constituents of the oil 
are su easily oxidised, the dissolved peroxide of hydrogen would 
itself, in the course of time, be consumed in doing the same work 
and would not he evident in the oils. The same would apply to 
ozone. 

The amount of this oxidising substanee in the oils can be 
roughly judged by means of iodide and starch paper, but, as the 
differentiation between the oils, by the method, is very crude, 
and as it appeared to be advisable to obtain exact numbers 
relating to the oils, the following method was devised. 

A drop of the oil under examination was put into a depression 
of a porcelain plate, where it diffused more or less over the 
surface. On the top of this a drop of reagent was allowed to 
fall. It remained in the middle of the depression and, after a 
time, became blue, first at tlie edge and later throughout the 
drop. By means of a mirror behind the plate, the light from the 
window above the bench was so arranged that, upon looking 
down upon the plate, one could not see the edge of the drop of 
reagent until the margin became tiuted. The time required for 
the edge to beeome visible was quite definite for each oil, and 
duplicate tests, made at different times upon the same day, were 
generally exact to a second. The method was therefore quite 
reliable. The reagent was a 1% solution of potassium iodide in 
a 17 starch emulsion. Some 37 oils which were available at the 
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time were tested. In the Table, the toxicity of the oils towards 
the staphylococcus is given so that they may be compared. 


Ta ABLE vii. 

















Pes Todide of Starch, те 
[ыу | reaction time | Acidity 
fo | | in seconds. in deg. 
u h 
{ = — oce men 
20 |B. cinerea, vect. 7 d OG 
G5 |. dives, evade ... 28 | 7 8 17 
65 2. dives, evade ... vum 59] ü S 12 
10 E. linearis, rect. 11 9 160 
45 7. polybractea, crude 13 13 76 
30 | EK. Consideniana, rect. 15 S 20 
60 | E. australiana, сесі. E 15 4 == 
100 E. australiana, crude, 1st hour | 15 11 10 
Чо | E. Ҹа, тесі. T. ae j 13 56 
ЗО | E. australiana, crude, 3rd hour 16 116 
O00 | E. polybractea, rect. Ы lU 
ЗО | Ribbon-gum, crude 14 126 
100 | Æ. и. тес. * cem 5 
40 Prostanthera cineolifera. erie 1% 5 
50 | E. Smithii, rect. " 14 37 
30 | Ribbon-gum, crude, 10 years hee Em 10 127 
100. | E. australiana, rect. ТА se 30 15 л 
6 E, australiana (Br vds crude... 32 15 == 
Л | E. dives, crude |... ete dd 37 14 52 
30 | E. australiana, crude, 2nd hour... iy | 12 150 
95 | E. australiana (Braidwood), crude... 45 12 7 
70 | Melulenca Maideuii, crude 3 50 43 19 
000. | 2. amygdalina, crude... ane 50 23 т 
100 | Е. albens, crude... обо m m | SET 25 
100 | Ribbon-gum, crude sss e ЧЫ) | 50 | 1% 
80 | E. radiata, crude ae 2 mi | 60 Is 
000 | £. pol ybractea, crude — ... ; so - 30 4 
ООО | Æ. australiana (Braidwood), er uds. | enn 40 6 
70 | E. eneorifolia, crude Bec 05 130 75 || 4) 
AO | E. cinerea, crude on ZO 000 SI 
95 Essential Oil... ee ..| 000 000 34 
60 | E. citriodora, crude ds .. 000 000 | — 140 
100 | E. nora-anglica, crude... e. O00 19 33 
000 | E. Consideniuua, over 190° оо МШШ) 000 | 3 
000 01. Eucalypti, B. P. Боз „| o O00 000 12 
000 | Cineol . d 50 000 000 D 
000 | polybrac tea, rect. cop 85a = 000 10 
OOO | Æ. cinerea, evude 22 oue — 150 | |? 
100 | E. cinerea, vect.... dus ra — 25 | 10 
RI as 
000 = | 
inactive. | G00-=over 180", | 
| 
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The second column, with the lower numbers, was obtained 48 
days later, aud although variations were made in the strength of 
stareh and of iodide, the high numbers of the earlier tests could 
not be obtained. It must be concluded that the activity of the 
ous had increased. But even with the new numbers, no relation 
between them and the toxicity of the oil could be traced. 

Some of the oils showed a marked decrease in the reaction 
time, and in order to see if the toxicity had increased in the 
interval, one of them was tested. This was the crude oil of Æ. 
polybractea, which had decreased from 80 to 30 seconds. It was 
found to be inactive to the staphylococcus when tested in oil 
just as it was at an earlier date. 

When the iodide numbers are plotted against the disinfecting 
powers of the Eucalyptus oils as determined in dilutions of olive 
oil, no close relation can be noted between the two. The Euca- 
lyptus oils may be divided into two groups, one taking less than 
60 seconds to develop the iodide reaction, and this contains two- 
thirds of all the oils. ‘The other, which took more than 60 
seconds, contains thirteen oils, of which seven are inactive to 
the staphylococeus, and two are slightly active. The two most 
active oils towards the staphylococcus are certainly among those 
which show the most vigorous iodide reaction, but they are not 
sutticiently differentiated from the others to enable one to say 
that the iodide test is any indication of the disinfecting pro- 
perties of the oils. 

There does not appear to be any relation between the acidity 
of the oils and the iodide test, as a glance at the acidity column 
will show. When they are plotted against the acidity, no rela- 
tion of any kind can be deduced, a fact which could not have 
been proved in the absence of a rigid test for the reaction. By 
simply testing with stareh-iodide paper, one obtains strong reac- 
tions with the oils which are strongly acid, and generally a feeble 
reaction with those that are weakly acid. [t does now, however, 
take long to make one realise that the paper test is very unsatis_ 
factory. - 

When the oils are neutralised, the colour takes longer to 
develop. This was seen in a few oils that had been neutralised 
about the time that the iodide tests were made. 


í 
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TABLE viii.—lIodide reaction of neutralised oils. 





Time in seconds. 





Treated with 





| Neutralised tih sarl 

Пле . sodium bisul- 

| ce Toms with phite. then 
Na4,CO, | with lime. 
E. dives, crude de 37 300 | 180 over 3,600 
E. cinerea, rect. Jd. Hi 15 | — — 
E. australiana(Braidwood) 45 | — | -— 540 





| | 
| | 





The lengthening of the time of reaction certainly points to 
the acidity having some influence upon the test. If, however, 
the problem is attacked in another way, viz., by adding acid to 
a feebly-reacting oil, it is found that the acid has no influence. 
The erude oil of Æ. polybractea had an acidity of 4°, and gave the 
reaction in 80 seconds. A quantity had been acidified with 
acetic acid seven days previously and had increased in its toxicity 
towards the staphylococcus. The acidity was 95°, but the time 
of reaction was the same as with -the original oil, viz., 80 seconds. 
We must conclude that the lime or the sodium earbonate, used 
in neutralising the oils, removes much of the substanee which 
gives the iodide reaction. | 7 

When considering the activity of the oils, there is no reason 
for separating the reetified from the eommercial. They are no 
less germieidal than the crude oils, and indeed some of the reeti- 
fied oils were among the most active. Acidity may be developed 
in the oils by aération during a considerable period of time, and 
concomitantly an amount of iodide-reacting substance may be 
formed, but no relation was found to exist between the acid and 
the ozone-like oxidising substance. Neither was there any rela- 
tion between the iodide reaction and the bactericidal activity, 
so that the iodide test is of little importance in determining the 
bactericidal power of the oils. 


Tur ACTIVITY OF TUE VAPOURS OF THE OILS. 
The vapours of the Eucalyptus oils are supposed to possess a 
disinfecting action, and some experiments were made with them 
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to see how far this was justified. Wide-mouthed ounce bottles 
were used, and each received 26.c. of the Eucalyptus oil, which 
was suflicient to cover the dome-shaped bottom of the bottle. 
The bottles were then heated in the incubator at 37° for half-an- 
hour to get them warmed up, and so ensure the temperature 
being constant during the test. Threads of cotton, attached to 
wires similar to those used in the tests with olive oil, were im- 
pregnated with loops of a 20-hour broth-eulture of the test 
organism. Each received the charge of one loop made by twist- 
ing a thin wire around a thieker wire(B. W.G. 12). The infected 
thread was suspended in the middle of theair-space of the bottle, 
the wire being held in place by the cotton plug. During the 
test, the bottles were kept in the incubator at 87°. 

A few tests were made with the ordinary oils, but, as there 
was the possibility that the acid in them might have some influ- 
ence upon the bactericidal power, three of the oils were treated 
with lime before testing. For the sake of simplieity, all the 
tests are grouped in one Table. The time when tbe bacteria 
were destroyed and the time just short of this are given in order 
to show the spaeing between the times in each case. Growth is 
indicated in the usual manner by a “+” and absence of growth 
by a “O” in the headings of the columns. 

Taste ix. —Germieidal Effect of the vapour. 


Seconds at 37°, 

















ag a 28 

E = D. coli communis, | M. aureus. 

- 0 = к x e 

ET Kind of Oil. zr | | ee | 

= ie treated. lined. | treated. limed. 

ims E аг _ : 
pO Orie. OR) Ese X07 — se TO) 

GEN геа Е | Ж 
2 | Cineol ... xe on EN ee == | — | Wes =.) = 
4 E. polyhractea, crude з — | —} su 100 — | — 
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= > ЭОБ Б н over 

52 ? ез. crude §) 201 29 = ( : spes 
33 OK, dives, crude {| оз! 30 20 | 25 0 80 1100. 
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S1 E. cincrea, erue... i 20115250 20) SHE CO St pus — 
u 2. cinerea, rect. 2015 20) 20 25 40 45 | 100) 120 
— 'Phenol ... As -| IS Ep rug = ЕЕ 








The vapours of the oils have an undoubted disinfecting action 
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at 377. When neutralised, they certainly are less active, but 
there does not appear to be any relation between their acidity 
and their activity. Towards B. coli communis, they were all 
bactericidal in from 20 to 30 minutes, and the acidity appeared 
to have little or no influence. So far as the yellow staphylo- 
coccus is concerned, the possibly exceptional case of the oil from 
E. australiana (Braidwood) prevents a generalisation from the 
comparatively few tests that were made. At the same time, 
the results point to the toxicity being proportional to the acidity, 
and it would appear that the relationship is shown more clearly 
with J/. aureus than with X. coli communis in the cases of the 
vapours and of the dilutions in oil. 


SUMMARY. 


When a serum-suspension of M. aureus was absorbed in cotton 
and placed in dilutions of the Eucalyptus oils in olive oil for two 
hours at 20°, it was found that the bactericidal power was pro- 
portional to the acidity of the oils. 

The germicidal] effect was not caused by the acidity, but was 
assisted by it. 

The effect upon Л. colt communis was of much the same nature, 
although the action of the acid was not so clearly shown. 

The iodide reaction was no criterion as to the germicidal 
value of the oils. 

The vapours of the oils had a decided bactericidal action. 


І have to thank Mr. H. G. Smith for the many specimens of 
oils and for his kindness in reading the manuscript aud supply- 
ing certain useful notes upon the chemistry of the oils, most of 
which appear as footnotes. Т am also indebted to Mr. W. W. 
L’Estrange for much kindly assistance. 


